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Description 

This invention relates to fuel cell configurations 
and more particularly to electrical and structural 
arrangements of a plurality of such solid electro- 
lyte fuel cells. 

High temperature solid electrolyte fuel cells 
utilizing a natural or synthetic fuel gas such as 
those containing hydrogen, carbon monoxide, 
methane, and an oxidant such as oxygen or air, i 
are known. Such cells or stacks of cells operate 
above 700'*C to directly convert chemical energy 
of the fuel into direct current electrical energy by 
electrochemical combustion. A typical cell, for 
example, reacts hydrogen fuel with oxygen from t 
air to produce electrical energy, water vapor and 
heat. 

Each single cell, however, provides a rather 
small open circuit voltage, on the order of one 
volt. Accordingly, plural cells are typically ton- 2 
nected in series in order to generate a higher 
voltage output. Various configurations for these 
connections are known, such as flat plate or 
generally tubular arrangements. However, such 
interconnections have given rise to concerns 2 
which are difficult to solve. For example, such 
cells utilize oxide air electrodes which present 
high lateral ohmic losses, so that the individual 
cell size must be small with respect to the direc- 
tion of current flow. Additionally, multiple J 
ceramic and metallic materials are often Inte- 
grated, presenting differential thermal expansion 
and materials compatibility concerns. To 
minimize such concerns, particularly the ohmic 
losses, the art has utilized small individual band- 3i 
shaped cells, on the order of one to two centi- 
meters in length, interconnected by good elec- 
trical conductors such as noble metals as well as 
non-noble metals in combination with oxide con- 
ductors. Such designs, however, do not alleviate 4c 
materials compatibility concerns and require a 
substantial number of fabrication steps to provide 
an integrated electrical generator of any sub- 
stantial size. Additionally, the large number of 
small components, layers, interconnections, and 4& 
fabrication steps required in such designs raises 
substantial concerns regarding long-term 
reliability. 

An example of such tubufar "band" designs is 
provided in U.S. Patent Mo. 3,525,646, which dis- 60 
closes a large plurality of small individual cells 
arranged along the circumference of a porous 
support tube. Each individual cell is small, and is 
electrically interconnected in series to the axially 
next cell along the tube by a conductor. A large ss 
plurality of cells, layers and conductive current 
collectors are required to achieve a substantial 
voltage. Preferably, the various layers are 
deposited on the support tube by plasma or flame 
spray methods. In addition to the concerns 60 
discussed above, such band type systems are 
susceptible to failure in any one cell or inter- 
connect which defeats electrical interconnection 
for the entire series connected grouping of cells. 

Another fuel cell arrangement is described In 66 



German Offenlegungsschrift No. 2,614,728, 
which, in an effort to obtain high power densities 
with the fewest possible components, forms 
scalloped plate type supporting bodies into a 
plurality of parallel channels. The channels, in 
conjunction with semicircular electrodes 
deposited therein, form fuel cells extending the 
length of the support bodies. The cells are inter- 
connected through abutting radial lips and addi- 
tional components. This arrangement suffers 
limitations similar to the deficiencies of the band 
designs, requiring multiple internal unaccessible 
connectors, and additionally depends upon the 
supporting plates for structural integrity. This 
limits the ability to electrically interconnect the 
cells in desirable manners, since direct contact 
with the cell is difficult. Additionally, the air 
oxidant must diffuse through the relatively thick 
support plates prior to gaining access to the air 
electrode. 

It is desirable to provide a high temperature 
solid electrolyte fuel cell arrangement which alle- 
viates the concerns of present designs and in- 
creases reliability. 

This invention provides high temperature solid 
electrolyte fuel cell configurations and cell 
arrangements which substantially enhance relia- 
bility and alleviate many of the prior art defi- 
ciencies such as high ohmic losses, thermal 
expansion and other materials compatibility con- 
cerns. 

More specifically, the invention resides in a 
high-temperature, solid electrolyte electrochemi- 
cal cell arrangement comprising a plurality of 
elongated annular cells, each cell having inner 
and outer annular electrodes with an. electrolyte 
therebetween, said outer electrode and electro- 
lyte being made discontmuous to contain an elec- 
tricalfy conductive interconnect adjacent a radial 
segment of said inner electrode, said interconnect 
extending an axial electrochemically active length 
along each said cell, a first and a second cell posi- 
tioned adjacent one another and electricaliy con- 
nected in series between the Inner electrode of 
said first cell and the outer electrode of said 
second cell through said electrically conductive 
interconnect. 

In preferred form, a fuel cell arrangement or cell 
stack is formed of a plurality of individual long 
annular cells of various cross-sectional shapes, 
each on the order of 30 cm. or more in length, and 
each joined electrically in series to the next 
through an at least one interconnection extending 
the full axial length of the cell. Each cell is formed 
of a long inner porous support tube for structural 
integrity. Surrounding the tube periphery is a thin 
film porous electrode, preferably an air electrode 
or cathode. About the cathode is the solid electro- 
lyte, which is in turn surrounded by the second 
porous electrode, preferably a fuel electrode or 
anode- 
While the preferred inner cathode is a complete 
annular structure, the solid electrolyte and outer 
anode structures are discontinuous to provide 
space for an electrical interconnection for series 
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contact between the cathode of one cell and the 
anode of the next cell. The interconnection on one 
side is contiguous with, or adjacent and otherwise 
electrically coupled to, a small radial segment of 
the inner cathode, generally along its entire 
axially active length. Bonded to the opposite side 
of the interconnection preferably is a contact 
segment of a porous electrode type material. 

In this manner, each elongated tubular cell has 
a generally full length contact segment surface 
which can be readily placed electrically in series 
with an outer surface of a parallel cell. Preferably, 
the series connection is made through an elon- 
gated metal felt, metal strip or metallized inlay, 
disposed between two adjacent annular cells. 

This arrangement provides a high reliability 
system since electrical connection is not merely 
through a large number of small current collect- 
ing conductors, but is made through an elengated 
surface spanning the active length of the tubular 
cell. Thus, localized failure will not defeat current 
transfer since the large portion of the contact 
surface which has not failed is still operational. 
Additionally, ohmic losses are small since the 
current is directed from one cell to the next 
through a short path which is normal to the 
annular surfaces. And, the disclosured arrange- 
ment needs only two main current collectors for 
any number of cells in series, one elongated axial 
collector at each end of the series of cells. 

Another advantage of the elongated single coll 
concept is the ability for arranging cells elec- 
trically in series-parallel with, for example by 
cubic dense packing of tubes. The parallel con- 
nection is made through adjacent outer 
peripheries. This method of cell interconnection 
allows a multitude of Interconnected cells in order 
to achieve any desired current and voltage 
combination. 

The advantages, nature, and additional features 
of the invention will become more apparent from 
the following description of exemplary embodi- 
ments thereof when taken in connection with the 
accompanying drawings, in which: 

Figure 1 is a schematic isometric view of a fuel 
ceil system in accordance with a preferred 
embodiment of the invention; 

Fig. 2 is an isometric section view of a singular 
tubular fuel cell; 

Fig. 3 is a section view through two adjacent 
cells, particulariy showing the interconnection 
between the cells; 

Fig. 4 is an isometric schematic of another 
system configuration; and 

Fig. 5 is a schematic section view of a series- 
parallel interconnection configuration. 

Referring now to Fig. 1, there is shown a fuel 
cell arrangement 10, also herein referred to as a 
stack, comprised of a plurality of elongated annu- 
lar fuel cells 12. Each fuel cell 12 is preferably 
tubular, and is electrically connected, in series, to 
an adjacent cell 12. Annular geometric configura- 
tions other than tubular are equally possible. This 
electrical connection is made along a selected 
axial length of the cells, preferably the entire 



electrochemically active length. Each eel! 12 
generates an open circuit voltage of approxi- 
mately one volt, and hundreds of cells 12 can be 
connected in series in order to provide a desired 
5 system voltage. The stack energy can tie usefully 
withdrawn through leads 14 and 16, respectively 
electrically connected to current collecting bus 
bars 18 and 20. The two bus bars 18, 20 preferably 
extend, and are in contact with, the entire active 

10 length of the cells 12 at the ends of the stack. 

Fig. 2 shows the preferred configuration for 
each annular fuel cell 12. The preferred configura- 
tion is based upon a system wherein a gaseous 
fuel, such as hydrogen or carbon monoxide, is 

15 directed axially over the outside of the cell 12, as 
indicated by the arrow 24, and an oxidant, such as 
air, indicated by the arrow 22, flows through the 
inside of the cell. It will be recognized that the 
location of the reactant fuel and oxidant can be 

20 interchanged such that air flows about the ceils 
and fuel flows within the cells. This, however, 
requires the reversal of the cell electrodes, which 
is herein referred to as an Inverted cell structure. 
In preferred form, each cell 12 includes a por- 

25 ous support tube 26 which provides structural 
integrity to the cell. In an exemplary cell 12, the 
support tube is comprised of calcia stabilized 
zirconia forming a porous wall apprpximately one 
millimeter thick. Surrounding the outer periphery 

30 of the support tube 26 is a thin film porous air 
electrode, or cathode 28. The exemplgry system 
cathode 28 is a composite oxide structure 
approximately 50—500 pm thick, which is 
deposited onto the support tube through well- 

35 known techniques. The cathode is^ for example, 
comprised of doped and undoped oxides or 
mixtures of oxides in the perovskite family such 
as LaMnOa, CaMnOa, LaNiOj, LaCoOg, LaCrOa, 
doped indium oxide, InjOa, and other elec- 

40 tronically conducting mixed oxides generally 
composed of rare earth oxides mixed with oxides 
of cobalt, nickel, copper, iron, chromium and 
manganese, and combinations of such oxides. 
Generally surrounding the outer periphery of 

<5 the cathode 28 is a layer of gas-tight soiid electro- 
lyte 30, comprised of yttria stabilized zirconia 
approximately 20 to 50 pm thick, for the exem- 
plary cell. The electrolyte 30 can also be deposited 
onto the cathode by well known techniques. 

so However, a selected radial segment 32 of the 
cathode 28 is, for example, masked during fabri- 
cation, and an interconnect material 34 is 
deposited on the segment 32. 
The interconnect material 34, which preferably 

f5 extends the active length of each elongated cell 
12/ must be electrically conductive in both an 
oxidant and fuel environment. Accordingly, the 
exemplary cell includes a gas-tight inter- 
connection 34 approximately the same thickness 

so as the electrolyte, 20 to 50 pm. The preferred 
interconnection material is an oxide doped (Ca, 
Sr, Mg) lanthanum chromite film. 
Substantially surrounding the solid electrolyte 
- 30 is a second porous electrode, for example, a 

S5 nickel-zirconia cermet anode 36. As shown, the 
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atiode 36- is also discontinuous, being spaded 
from the interconnection 34 a distance sufficient 
to ivoid direct electrical communication between 
the anode 36aad both the Interconnection 34 and 
the cathode 28. The exemplary anode 36 is about 
50 |jm thick. 

Preferably, deposited over the interconnection 
34 is a segment 38 which is preferably comprised 
of tha same material as the anode 36, nickel or 
cobaftzirconia cermet, and of the same thickness, 
50 ym. 

Fig. 3 shows the series interconnection be- 
tween consecutive fuel cells 12. The electrical 
interconnection is preferably enhanced by a metal 
felt 40, made, for example, of nickel fibers.. The 
felt extends axially between the annular cells 12, 
and is bonded to each by pressure contact which 
causes sinter bonding during operation. In the in- 
verted cell structure, where fuel flows, inside of 
the cells, the felt material is made from conduct- 
ing oxide fibers, such as doped InaO, or others. 

During operation, air flows through the center 
of the annular cells 12, and fuel passes over the 
exterior. Oxygen from air diffuses through the 
porous support 26 and cathode 28, and fuel 
diffuses through the anode 36. These process 
mediums electrochemically react through the 
electrolyte, generating products such as water 
vapor, carbon dioxide, heat and electrical energy. 
The high temperature water vapor and carbon 
dioxide are carried away from the cell with, for 
exampie, unburned fuel, and electrical power is 
transferred in series from the inner cathode 28 of 
one cell to the out$r anode 36 of the next cell. The 
electrical power Is usefully drawn thri)ugh the 
leads 14, 16. 

A variant of the cell structure is the circum- 
ferential segmentation of the elongated single 
calls as shown in Figure 4. This segmentation alle- 
viates circulating currents within the electrodes 
which tend to result from simultaneous exposure 
to rich and depleted reactants over the electrode 
surface. Segmentation exposes each electrode 
area to reactants of generally similar concentra- 
tion. Without segmentation, one end of the cell is 
exposed to generally fresh reactants, and the 
other to depleted reactants. Referring to Fig. 4, 
segment 44 is -exposed to a richer reactant con- 
centration than segments 46 and 48, when flow of 
both reactants is in the direction of arrows 50. Tha 
segmentation can be provided, for example, by 
masking selected portions 60 of the porous 
support tube 26 during fabrication, and deposit- 
ing only a. layer of electronically insulating solid 
electrolyte on the selected portions, in order to 
insulate the segments 44, 46, 48 and seal the 
otherwise porous portions. 

An advantageous fuel cell system configuration 
which is provided by the elongated surface con- 
tact among adjacent annular cells is shown in 
Figure 5. The cells T2 are here positioned fn a 
series-parallel electrical connection. For des- 
criptive purposes,. the arrangement Includes rows 
52 and columns 54. The cells of any given row 52', 
52'', 52"' are electrically interconnected in paral- 



lel through the outer electrodes and metal felt 40'. 
Alternatively, the felt can be eliminated and the 
cells positioned to abut one another along their 
axial length. Use of the felt is, however, preferred, 

5 in order to insure a large contact surface and 
avoid potential structural damage to the outer 
electrodes. Consecutive cells 12 along a column 
54 are electrically Interconnected in series, as 
shown in Figure 3, from the inner electrode of one 

10 cell to the outer electrode of the next cell. Thus, 
each cell in a row operates at substantially the 
same voltage, and voltage progressively changes 
among the cells of a column, typically varying by 
appoximately one volt from cell-to-cell along a 

fs column. In this manner, any number of elongated 
cells can be interconnected to achieve a desired 
voltage and current output. Other configurations, 
in addition to the shown rectangular array, are 
equally possible. 

20 The electriqal power generated by the series- 
parallel interconnection is readily collected by 
only two plates 56, one in electrical contact with 
each cell of a row 52 at one extremity of the stack, 
and another in electrical contact with each cell of 

25 the row at the other extremity. 



Claims 

3Q 1. A high-temperature, solid electrolyte elec- 
trochemical cell arrangement (10) comprising a 
plurality of elongated annular cells (12), each cell 
(12) having inner and outer annular electrodes 
(28, 36) with an electrolyte (30) therebetween, 

36 characterized in that said outer electrode (36) and 
electrolyte (30) are made discontinuous to contain 
an electrically conductive interconnect (34) ad- 
jacent a radial segment (32) of said inner elec- 
trode (28), said interconnect (34) extending an 

40 axial electrochemically active length along each 
said cell (12), a first and a second cell (12) posi- 
tioned adjacent one another and electrically con- 
nected in series between the inner electrode (28) 
of said first cell and the outer electrode (36) of 

45 said second cell through said electrically con- 
ductive interconnect (34). 

2. The electrochemical cell arrangement of 
claim 1 further comprising a current collector (18) 
in electrical contact with the first of said cells (12) 

so in series, along said axial length, and another 
current collector (20) in electrical contact with the 
last of said cells (12) in series along said selected 
axial length. 

3. The electrochemical cell arrangement of 
SB claim l wherein an electrically conductive insert 

(40) is provided between said first and second 
cells (12) and comprises a metal felt. 

4. The electrochemical cell arrangement of 
claim 1 wherein each said cell (12) includes a 

60 plurality. of circumferential segments (44, 46, 48), 
said segments of a cell (12) being electrically cir- 
cumferentially segmented from one another. 

5. The electrochemical cell arrangement of 
claim 1, 2, 3 or 4 wherein said first and a third cell 

65 (T2) are electrically connected to one another In 
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parallel, from the outer electrode (36) of said first 
cell (12). 

6. The electrociiemlcal cell arrangement of 
claim 5 further comprising a current collecting 
plate (56) in electrical contact with said first and 
third cells (12). 

7. The electrochemical cell arrangement of 
claim 5 or 6 wherein said adjacent cells (12) are 
fuel ceils and are arranged in rows and columns, 
the fuel cells (12) in each row (52) being elec- 
trically connected to one another in parallel, 
whereby each cell (12) in row (52) operates at a 
similar voltage, and the fuel ceils (12) in each 
column (54} being electrically connected in series 
to the fuel cells (12) in the next row along a 
column, whereby voltage changes from rx)w to 
row along a column. 

8. The electrochemical cell arrangement of 
claim 7 wherein said rows (52) include a first row 
(52') and a last row (52"'), and further comprising 
a first current collecting plate (56) in electrical 
contact with each said fuel cell (12) of said first 
row and a second current collecting plate (56) in 
electrical contact with each said fuel cell (12) of 
said last row (52"'). 

Patantanspruche 

1. Eine bei hoher Temperatur arbeitende, feste 
Elektrolyt-Electrochemische Zellenanordnung 
(10), bestehend aus einer Vielzahl von langllchen, 
ringformigen Zellen (12), bei der jede Zelle (12) 
innere und aussere ringformtge Elektroden (28, 
36) mit einem dazwischen angeordneten Elektro- 
lyten (30) aufweist, dadurch gekennzeichnet, dass 
die aussere Elektrode (36) und der Eiektrolyt (30) 
unterbrochen sind, urn angrenzend an ein 
radlales Segment (32) der Inneren Elektrode (28) 
Raum fur eine elektrisch leitende Verblndung (341 
2U schaffen, die sich entlang einer jeden Zelle (12) 
Ober eine elektrochemisch aktive Lange erstreckt, 
eine erste und zweite Zelle (12) nebeneinander 
angeordnet und zwischen der inneren Elektrode 
(28) der ersten Zelle und der ausseren Elektrode 
(36) der zweiten Zelle durch die elektrisch leitende 
Verblndung (34) In Reihe elektrisch verbunden 
sind. 

2. Eiektrochemische Zellenanordnung nach 
Anspruch 1, dadurch gekennzeichnet, dass ein 
Stromsammler (18) mit der ersten der Zellen (12) 
entlang ihrer axialen Lange in Reihenschaltung in 
elektrischem Kontakt steht, und ein weiterer elek- 
trischer Kontakt in Reihenschaltung durch einen 
Ober die axiale Lfinge der letzten der Zellen (12) 
sich erstreckenden Stromsammler (20) ge- 
schaffen ist. 

3. Eiektrochemische Zellenanordnung nach 
Anspruch 1, dadurch gekennzeichnet, dass ein 
elektrisch leitender EInsatz (40) aus einem Metall- 
filz zwischen der ersten und der zweiten Zelle (12) 
angeordnet ist. 

4. Eiektrochemische Zellenanordnung nach 
Anspruch 1, dadurch gekennzeichnet, dass jede 
Zelle (12) eine Vielzahl von RIngsegmenten (44, 
46, 48) aufweist, wobei die Segmente einer Zelle 



(12) voneinander umiaufend elektrisch isoliert 
sind. 

5. Eiektrochemische Zellenanordnung nach 
Anspruch 1, 2, 3 oder4, dadurch gekennzeichnet, 

s dass die erste und eine dritte Zelle (12) parallel 
von der ausseren Elektrode (36) der ersten Zelle 
(12) miteinander elektrisch verbunden sind. 

6. Eiektrochemische Zellenanordnung nach 
Anspruch 5, dadurch gekennzeichnet, dass die 

to ersten und dritten Zellen (12) mit einer Strom- 
sammlerplatte (56) elektrischen Kontakt haben. 

7. Eiektrochemische Zellenan-ordnung nach 
Anspruch 5 Oder 6, dadurch gekennzeichnet, dass 
die benachbarten Zellen (T2) Brennstoffzeilen und 

IS in Reihen und Kolonnen angeordnet sind, die 
Brennstoffzeilen (12) in jeder Reihe (52) mitein- 
ander parallel geschaltet sind, wobei jede Zelle 
(12) in einer Reihe (52) bei ahnlicher Spannung 
arbeitet, und die Brennstoffzeilen (12) in jeder 

2a Kolonne (54) mit den Brennstoffzeilen (12) der 
nachsten Reihe entlang einer Kolonne in Reihe 
geschaltet sind, wobei sich die Spannung von 
Reihe zu Reihe in einer Kolonne andert. 

8. Eiektrochemische Zellenan-ordnung nach 
25 Anspruch 7, dadurch gekennzeichnet, dass die 

Reihen (52) eine erste Reihe (52') und eine letzte 
Reihe (52"') aufweisen und ferner eine erste 
Stromsammlerplatte (56) mit jeder der Brenn- 
stoffzeilen (12) der ersten Reihe und eine zweite 
30 Stromsammlerplatte (56)* mit den Brennstoff- 
zeilen (12) der letzten Reiha (52"') in elektrischem 
Kontakt stehen. 

Revendications 

36 

1. Montage (10) de piles electrochimiques a 
Electrolyte solide comprenant une plurality de 
piles annulaires (12) de forme allong^e, chaque 
pile (12) comportant des Electrodes annulaires 

to interieure et extErieure (28, 36) avec un Electrolyte 
(30) entre ces derniEres, caractErisE en ce que 
ladlte Electrode exterieure (36) et I'Electrolyte (30) 
sont discontinus de maniere a contenir une inter- 
connexion electroconductrice (34) adjacente S un 

t5 segment radial (32) de ladite Electrode intErieure 
(28), ladite interconnexion (34) s'Etendant sur une 
longueur axiate Electrochimiquement active le 
long de chaque pile (12), une premiere et une 
seconde piles (12) disposEes de fa9on adjacente 

0 I'une h I'autre et reliEes Electriquement en sErie 
entre I'Electrode intErieure (28) de ladite premiEre 
pile et I'Electrode extErieure (36) de ladite 
seconde pile par ladite interconnexion Electrocon- 
ductrice (34). 

5 2. Montage de piles Electrochimiques selon la 
revendication 1, comprenant en outre un collec- 
teur de courant (18) en contact Electrique avec la 
premlEre desdites piles (12) en sErie, le long de 
ladite longueur axiale, et un autre collecteur (20) 

0 de courant en contact electrique avec la derniEre 
desdites piles (12) en sErie le long de ladite 
longueur axiale choisie. 

3. Montage de piles Electrochimiques selon la 
revendication 1, dans lequel une piece inter- 

5 mEdiaire Electroconductrice (40) est disposEe 
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entre lesdites premiere et seconde piles (12) et 
comprend un feutre metailique, 

4. Montage de piles electl*6chimiques salon la 
revendicati'on 1, dans lequel cheque pile (12) 
comprend une plurality dfe segments circon* 
f^renciels (H 46, 48), lesdits segments d'une pile 
(12) 6tant s6par6s 6lectriquemant dans fe sens 
circonf^rencidl les uns ded autres.. 

5. Montage de piles electrochimrques selon la 
revendication 1, 2, 3 ou 4, dans lequel lesdites 
premiere et troisifeme piles 112) sont relides 6lec- 
triquement Tune h I'autre en parall6le a partir de 
I' Electrode ext6rleure (36) de ladite premiere pile 
(12). 

6. Montage de piles electrochimiques salon la 
revendication 5, comprenant en outre une plaque 
(56) collectrice de courant en contact 6lectrlque 
avec lesdites premiere et troisifeme piles (12). 

7. Montage de piles Electrochimiques selon la 
revendication 5 ou 6, dans lequel lesdites piles. ad- 
jacentes (12) sont des piles a combustible et sont 
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disposees en rang^es et en colonnes, les piles 
(12) d combustible de cheque rangee (52) Etant 
relives diectriquement les unes aux autres en 
parall6ie, chaque pile (12) d'una rangee (62) fonc- 
tionnant k une tension similaire et les piles (12) h 
combustible de chaque colonne (54) dtant reliees 
elecfriquement en sErie aux piles (12) h com- 
bustible de la rang6e voisine ie long d'une col- 
onne, la tension variant d'une rangde a i'autre Je 
long d'une colonne. 

8. Montage de piles Electrochimiques selon la 
revendication 7,.dans lequel lesdites rangEes (52) 
comprennent une premiere rangee (52') et une 
derniEre rangde (52"'), et comprenant en outre 
une premiere plaque (56) collectrice de courant en 
contact 6lectrique avec chaque pile (12) a com- 
bustible de ladite premiere rangee et une seconde 
plaque (56) collectrice de courant en contact 
Electrique avec chaque pile (12) d combustible de 
ladite derniere rangee (52'"). 
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